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to such systems. 

" UM ^control of unsaturated polyester resm 

rheological control o ^presenting the 

syste-s. ora.nocl.ys, typical! r , ^ 
rM ction product of a saectite W ° used £or 

^ternary -oniu. ^'^/A prege l of the 
these purposes, but «— vltc<)sUy „. v .lop»ent 

or ,.nocl.y in styrene for prop ^ ^ 

prlor to addition to the resin y 

w inr art patents, e.g. 
in numerous prior arc p 

4 473,675 and 4,240,951. 

var ious producers of or,— have - ^ 
, preparing direct add re sin/styr.ne 
preoel with an ,,7*3,074. By and 

system, see for «• • «™ _ „ ot produoed a 

large, however, these pri d silic a. 

product which is broadly competitive 

5 flMETt of t^OP^ism rega rded as an 

-^^^^J/t. P-ide an organoclay 
object of the present dire ctly into a 
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«"" H»rv of Xfo- TnYq nfcion 

Now in accordance with the present invention, it has 
unexpectedly been discovered that combinations of certain 
clay minerals may be reacted with quaternary ammonium 
compounds to provide additives which will readily 
disperse and provide the required gelling properties for 
unsaturated polyester resin systems. 

p « ,f„ii e d D -^ r < r t-ion of the Inventjpn 
The organoclay compositions of the invention which are 
useful for gelling unsaturated polyester resin systems 
comprise mineral clay mixtures which have been treated 
with alkyl quaternary ammonium compounds. Such mineral 
clay mixtures in turn comprise: 

mineral clay (a) comprising greater than 50 wt.%, 
based on the weight of the mineral clay mixture, of a 
mineral clay selected from the group consisting of 
sepiolite, palygorskite and mixtures of sepiolite and 

palygorskite; and 

mineral clay (b) comprising less than 50 wt.%, based 
on the weight of the mineral clay mixture, of a smectite. 
Preferably, mineral clay (a) is present in an amount of 
60 to 95 wt.%, especially 70 to 90 wt.%, based on the 
weight of the mineral clay mixture. 

Of the two mentioned phyllosilicates, sepiolite is 
preferred for use in the invention. Both sepiolite and 
palygorskite are included in the phyllosilicates because 
they contain a continuous two-dimensional tetrahedral 
sheet of composition T 2 0, <T=Si, Al, Be,...) but they 
differ from the other layer silicates in lacking 
continuous octahedral sheets. Further details of the 
structures of these minerals, including the structural 
distinctions between the two, may be found in B.F. Jones 
and E. Galan "Sepiolite and Palygorskite", Chapter 16 of 
Hydrous Phyllosilicates, pnyl*" in Mineralogy, Volume 
19, (Mineralogical Society of America, Washington, D.C., 

1988) . 
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.ctite is a natural or synthetic clay 
Pre£e T,L«ea7r» tne group consisting of hectorite. 

fl)r preparing the organoday 
in a preferable procedure for p » lt . u 

composition, the sepio ££J ^ sor6 . ned to remove 
crushed, ground, SMCtite Bi „eral is 

grit and other impurities component 
subjected to a similar regimen. Each ^ 
minerals is then subjected as a ^ Most 

aqU eous slurry to step is a homogenizing 

-r^: -r^Ud £iuid shea r th ' 

.ill of the type w at high 

slU rry is effected Y * which a high 

velocities through a narrow g f action 
assure differential is --^Jlton^aulin 

can e.g. - effected in the ^ ^ ^ 

mill, which devic ' My be Md . to commonly 

•Gaulin homogenizer • 5,110,501 for 

assigned .... P—ts "J^^, for us e of 

£ urth.r detail, of such ml U be substantial* 

the MG mill may the Baid pressure 

as in the said patents .„ the rano . of 

aiff.rential across the « is , ^ ^ ^ ^ ^ 

f rom 70.300 " " • ;^ settltlte operations, 
being more typical in rep . qui p.ent, pressures 

D .pending upon the Ud. The slurry 

hl gher than -a. more times through th. 

to be treated may be passed on 

MG mill* 

M on, additional "^J^^" P-ide 
effectively utilized In the present ^ 

high shearing ^J^J^U assigned 0... 
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present invention is not only important in providing the 
benefits for the smectite which are discussed in the 
foregoing patents; but moreover in the instances of the 
sepiolite and/or palygorskite, such high shearing acts to 
5 -debundle" the otherwise "bundled" type of structures 
which exist in the latter minerals. It is this 
debundling action which in part is believed to be 
instrumental in yielding the results achieved in the 
present invention . 

10 Following the high shear step, the clay components 

slurries may be mixed with one another. Alternately, 
the two or more clay components can be intermixed m a 
single slurry before the latter is subjected to the high 

^ w «-h*» cinoiP slurry is 
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single siunj „ . 

shear step. Following such step the single slurry is 
intermixed with the alley 1 quaternary ammonium salt, after 
which the slurry is dewatered, and the alley 1 quaternary 
Ilnium-treated clay dried and ground to provide a r, 
organoclay product. Such product is found to -"P^ 
unexpected and highly desirable properties when used as a 
thixotrope in various systems. When used in the gelling 
of an unsaturated polyester resin, it is thus found that 
the composition can be stirred and dispersed directly in 
an unsaturated polyester resin/monomer solution, and will 
provide highly satisfactory gelling properties. 

The alkyl quaternary ammonium salts employed for treating 
the mineral clay mixtures comprise alkyl quaternary 
affiB onium salts containing the same or ^^\ S ^X 
and/or branched-chain saturated and/or unsaturated alkyl 
groups of 1 to 22 carbon atoms and the salt moiety is 
selected from the group consisting of chloride, bromide, 
m ethylsulfate, nitrate, hydroxide, acetate , phosphate and 
mixtures thereof, preferably chloride, bromide and 
»ethylsulfate. The preferred choices of the alkyl 

.ionium salts are dimethyl di (hydrogenated 
quaternary ammonium saits ' 

Llo», a-cniuB chlorid.. »e«.ylb.n,yl di (hydrate* 
tallow) »«-oniv» chloride. di»ethylbenryl hydrog«n.t.d 
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chloride dimethyl hydrogenated tallov-2- 
tallow ammonium chloride, aim , vtures of two or 

more of the prei«««. „ rD f B rahlv 35 to 

, «-« a *«i with 25 to 80 meq., preferably ^ 

i. typical y - *;£ h atern „ y aMonlum salt P.r 100 , 
5 65 meo,, of the .Iky 9 und . rstood , however. that a 

IS^T^r^ mineral clay (., - 

y ,„ „ ut =lde the aforementioned ranges. The 

aralOT1 u» salt °»» la * ^.frnary ammonium salt 

10 requisite amount of the alley q» lt of the 

will be determined by the exchange «P a = lty 
sheeted mineral clay <» — ° W W ' 

The unsaturated polyester resin composition of the 
Invention comprises a solution of an -saturated 

» poiy..t. r - — - - - 

aromatic compounds to which are 

ethylenioally unsaturated , , ^ aiMl , 

radical substituted vinyl radical or an allyll 
eTstyrene (which is preferred,, e-methylstyr.ne 
:; 9 v;„ y rben 2 en., .11,1 ben.ene and methyl methacrylate. 

Th e unsaturated polyester resins useful for the invention 
25 may be any of those Known in the pr or art. Suitable 
examples are polyesters of " alcirboxylic 

dicyclopentadiene as well as polyesters 

acids and diols havin, > ^ !00 

unsaturation, preferably 10 to nrefe rably 
.,„<* The olefinic unsaturation is preferaDiy 
30 ester groups. Jhe °1 ^ di<jl may 

:srs~ tc. r- - 

such polyester resins are made by 
35 of these acids. Such poiy Generally, 
conventional techniques of esterificati 
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polyester resins having weight average molecular weights 
of about 400 to 10,000 and acid numbers in the range of 
from 35 to 45 mg KOH per gram of resin are useful for 
preparing the polyester compositions of the invention. 

The amount of the unsaturated polyester resin in the 
final polyester composition is typically at least about 
30 vt.%, based on the weight of the composition, with the 
balance being the monomer, the treated mineral clay 
mixture (i.e. the thixotrope) , primary pigment, fillers, 
reinforcement fibers and additives (e.g. promoters, 
catalyst, dispersants, etc). 

The alkyl quaternary ammonium- treated mineral clay 
mixture of the invention is generally employed in the 
unsaturated polyester resin system in an amount such that 
the final unsaturated polyester composition will have a 
flow curve which allows application but prevents drainage 
from or sag of the material from the surface to which the 
unsaturated polyester composition is applied. The proper 
thixotropic index will depend on the intended end use of 
the unsaturated polyester composition and the manner in 
which the thixotropic index is measured. In general, the 
unsaturated polyester composition will typically have a 
thixotropic index of at least about 1.5, preferably at 
least about 3.0. Generally, the amount of the alkyl 
quaternary ammonium-treated mineral clay mixture will be 
about 0.1 to-4 wt.%, based on the weight of the final 
polyester composition. 

The invention will now be illustrated by examples, which 
are to be regarded as illustrative and not delimitative 
of the invention. Unless otherwise indicated to the 
contrary, all parts and percentages are by weight. 

Example X 

A series of organoclay compositions were prepared from 
mineral clay combinations which were processed as above 
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crushed, ground, slurried in water and 
.escribed, ^™^J ed to high shear by being 

SC Td t : " - S^ry throu gh an MC mill, and then as 
passed as a d " U the alkyl quaternary 

a single ^^^pecif ied below. The resultant 
ammonium compounds as sp ^ && thixotropes in 

organoclay polyester resin/styrene system 

an ^^^T 4 j; serene content. 1.5 , •* 

^ ^ t.ica (used as the control thixotrope and 
f u»ed silxca (used ^ compound) was 

containing no alky J> resin/st yrene system on a 

mixed with about ^ of approximately 

lab oratory ^sper-r ^ 

10 00 ft/-ute fo 15 mi ^ ^ resin weight . Thc 

promoter was added at o ^ tQ , 

promoter was a *™ ture le was the n shaken on 

rr^n seconrs. - above procedure was 
a paint shaker fo organoclay compositions, 

repeated with a.3 9 * ^ * ed in centipoise at one 
Brookfield viscosities wer ^ Qf 

hour . The - results are shown in 

viscosities at 10 ana ± r 
Table I below. 
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TABLE I 


Mineral Clay Combinations 
TnffttfnttrY Ammonium Compound 

5 1. Fumed Silica 


Viscosities, cps. 
£PM 


1 

6500 


10 
1600 


2 80% eepiolite/20% hectorite 

60 meq- 50% DMHTEHAMS/50% DMDHTAC 5000 

3, 70% palygorskite/30% montmorillonite 

60 meq- DMBHTAC 1500 


100% montmorillonite 

120 meq. 75% DMDHTAC/ 2 5% DMBHTAC 

100% sepiolite 

60 meq. 50% DMHTEHAMS/50% DMDHTAC 

75% oepiolite/25% montmorillonite 
60 meq. DMBHTAC 


500 


1500 


700 


400 


800 


2000 900 


100 
650 


475 


2.46 


1400 620 2.28 


1.47 


400 1.00 


500 1.70 


530 1.70 


m _ . mi iiieauivalentB; DMHTEHAMS * dimethyl hydrogenated tallow-2- 
•3;iwi«S methilsulfate; DMDHTAC - dimeth yl dl ChYj"^"* 
Snow) ammonium chloride; MBDHTAC - methylbenzyl ^< h y dro ^^ 
SiS ammonium chloride; DMBHTAC = dimethylbenzyl hydrogenated 
tallow ammonium chloride. 
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Example 2 

Example 1 was repeated using an orthophthalic unsaturated 
polyester resin/styrene system having a 60% resin and a 
40% styrene content. The thixotropes were loaded at 1 
wt.%, based on the weight of the total composition. The 
results are shown in Table II below. 

TABLE II 


Mineral Clay Combinations 
punHernar Y Ammonium Compound 

7. 67% sepiolite/ 33% hector ite 
69 meq. DMBHTAC 

8. 67% sepiolite/33% hectorite 
63 meq. DMBHTAC 

9. Fumed Silica 


viscosities, cps. 
REM 


7000 

10000 
11000 


10 
1350 

1900 
2300 


100 
530 

670 
750 


1I_ 
2.56 

2.64 
3.06 
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^ uas repeat.* ^ ,„a . 

result, are shown in Table III below. 


Viscosities, cps. 

Mineral clay combinations ^ _ JI__ 

0int - rfirY a—nnliiw Compound J 10 100 

10 TJT% -HTEHAMS/SO* DMDHTAC 1000 ,00 »S 

ro^^lofoS^rso—c SOOO 1SS0 ... 3.33 

2000 650 330 1-^7 

12. Fumed Silica 
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20 


25 


ExaffiEifi - 4 ^ •« this example were prepared in the 

Th . samples -.lay- ^» his -mp ^ by dUp . rsin , 

Allowing manner Each »»' Dlssolver i„« a slurry 

r - —/».. - « 

ana th.rea«er sublecte* to one pass 
through the HG mill at 105,460 ,/C • 

E ach sample -as reacts* with the inaic.t«a ,l*yl 
ternary — 1- at «.-..•«. 

The sample was tnerea Pu i V azet Mill. 

j nnlverized using a puxva*=»- 

8 o°C overnight and puivenz« 

«i e 13 consisted of sepiolite treated 

srr. r " - s-ic,- — « - « — a 

as described above. 

Hin era> clay sample » ™>\^Z"Z^ was 
r esp«=t to mineral ^^J^J^ *«> »«« 
treated with an ion exchange resin 
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passage through the MG mill but prior to treatment with 
the alkyl quaternary ammonium compound. 

Mineral clay sample 15 consisted of 80% sepiolite/20% 
montmorillonite treated with 55 meq. of 75% MBDHTAC/25% 
5 DMDHTAC and was prepared as described above with the 
addition of 20% montmorillonite as a slurry at 
approximately 3% solids. The 20% montmorillonite was 
passed through the MG mill three times at 316,395 g/cm 1 
and added to the sepiolite slurry after the sepiolite 
10 slurry passed through the MG mill, but prior to treatment 
with the alkyl quaternary ammonium compound. 50 meq. of 
hydrochloric acid were added to the combined slurries 
prior to treatment with the alkyl quaternary ammonium 
compound . 

15 Mineral clay sample 16 consisted of 80% sepiolite/ 

20% hectorite treated with 55 meq. of 75% MBDHTAC/25% 
DMDHTAC and was prepared as described above with the 
addition of 20% hectorite as a slurry at approximately 3% 
solids. The 20% hectorite was passed through the MG mill 

20 three times at 210,930 g/cm 2 and added to the sepiolite 
slurry after the sepiolite slurry passed through the MG 
mill, but prior to treatment with the alkyl quaternary 
ammonium compound. 50 meq. of hydrochloric acid were 
added to the combined slurries prior to treatment with 

25 the alkyl quaternary ammonium compound. 

Mineral clay sample 17 was prepared in the same manner as 
mineral clay sample 16 except that the sepiolite portion 
of the blend was treated with an ion exchange resin 
(sodium form) after passage through the MG mill but prior 
30 to blending and treatment with the alkyl quaternary 
ammonium compound. 


Sample 18 was fumed silica. 
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united polyester resin -P-^"-^ " 
r.sin, »ono»er. prcoter/acceierator, ^««' 

cure or crosslink the composition. 

, Afferent types of unsaturated polyester 
„ , 1#ferent types of monomers. Styrene 

15 ^^T™ — ianiUne an* aiethyi- 

15 iypj.t-a are hydroqumone and 

aniline. Typical inhibitors are nyar y 

Teen 2 0« which is polyoxyethylene (..) screen 

20 monolaurate. 

The isophthaiic --^^^^^TJ^.. 

25 added to the mixture and mixing wa 

"Tween 20" was added at 7* Dy 

mim r TZlZr^Vr* .ixea for , sinutes .t »00 
cm A solut ion containing .% cohait octoate wa. nixea 
rpm. A soiut: ratio and was added at an 

with dimethylamline at an U ^.^ 

~v o 05 wt.%# based on tne weiyi^ 
30 amount of 0.05 wt , ^ ^ ^ The 

composition, and »ixed f ure oyer a ^ 

samples were cooled to ro * Brookfield 

period and viscosities were measured using 
rvt viscometer at 1, 10 and 100 rpm. 
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The orthophthalic unsaturated polyester resin system was 
evaluated by mixing 150 g resin, 14 g styrene and 2.5 g 
mineral clay thixotrope for 12 minutes at 3800 rpm on a 
"Dispersamat" . 62 g resin, 25 g styrene and 7% by weight 
5 of the thixotrope of "Tween 20" were added to the mixture 
and mixing was continued for 2 minutes at 2000 rpm. A 
solution containing 6% cobalt octoate was mixed with 
dimethylaniline at an 8:1 ratio and was added at an 
amount of 0.05 wt.%, based on the weight of the entire 
10 composition, and mixed for 1 minute at 2200 rpm. The 
samples were cooled to room temperature over a 1-hour 
period and viscosities were measured using a Brookfield 
RVT viscometer at 1, 10 and 100 rpm. 

The dicyclopentadiene unsaturated polyester resin system 
15 was evaluated by mixing 150 g resin and 2.5 g mineral 
clay thixotrope for 12 minutes at 3800 rpm on a 
"Dispersamat". Thereafter, 7% by weight of the 
thixotrope of "Tween 20" was added to the mixture and 
mixing was continued for 1 minute at 2000 rpm. Then 64.3 
20 g resin, 35.7 g styrene and a solution containing 6% 

cobalt octoate was mixed with dimethylaniline at an 8:1 
ratio and was added at an amount of 0.05 wt.%, based on 
the weight of the entire composition, and mixed for 1 
minute at 2200 rpm. The samples were cooled to room 
25 temperature over a 1-hour period and viscosities were 
measured using a Brookfield RVT viscometer at 1, 10 and 
100 rpm. The results are set forth in Table IV below. 
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WHAT IS CLAIMED IS: 

1. An organoclay composition for gelling 
unsaturated polyester resin systems comprising a mineral 
clay mixture which has been treated with an alkyl 
quaternary ammonium salt, said mixture comprising: 

5 mineral clay (a) comprising greater than 50 wt.%, 

based on the weight of the mineral clay mixture, of a 
mineral clay selected from the group consisting of 
sepiolite, palygorskite and mixtures of sepiolite and 
palygorskite; and 
10 mineral clay (b) comprising less than 50 wt.%, based 

on the weight of the mineral clay mixture, of a smectite. 

2. The organoclay composition of claim 1 wherein 
mineral clay (a) is present in an amount of 60 to 95 
wt.%, based on the weight of the mineral clay mixture. 

3. The organoclay composition of claim 2 wherein 
mineral clay (a) is present in an amount of 70 to 90 
wt.%, based on the weight of the mineral clay mixture. 

4. The organoclay composition of claim 1 wherein 
the smectite is selected from the group consisting of 
hectorite, montmorillonite, bentonite, beidelite, 
saponite, stevensite and mixtures thereof. 

5. The organoclay composition of claim 4 wherein 
the smectite comprises hectorite. 

6. The organoclay composition of claim 1 wherein 
the alkyl quaternary ammonium salt contains the same or 
different straight- and/or branched-chain saturated 
and/or unsaturated alkyl groups of 1 to 22 carbon atoms 

5 and the salt moiety is selected from the group consisting 
of chloride, bromide, methylsulfate, nitrate, hydroxide, 
acetate, phosphate and mixtures thereof. 


10 


PCT/US96/17709 

WO 97/17398 

15 

7 The organoclay composition of claim 6 wherein 
the al*yl quaternary ammonium salt is selectee i from the 
groU p consisting of dimethyl di(hydrogenated tallow 
ammonium chloride, methylbenzyl "M*"*^^ 
5 ammonium chloride, dimethylbenzyl hydrogenated tallow 
ammonium chloride, dimethyl hydrogenated tall <>^- 
ethylhexylammonium methylsulfate and mixtures thereof. 

8 The organoclay composition of claim 1 wherein 
the mineral clay mixture is treated with about 25 to 80 
U- of the alxyl quaternary ammonium salt per 100 g of 
the mineral clay mixture. 

9 The organoclay composition of claim 8 wherein 
the mineral clay mixture is treated with 35 to 65 meg. of 
the allcyl quaternary ammonium salt per 100 g of the 
mineral clay mixture. 

10 An unsaturated polyester resin composition 
comprising a solution of an unsaturated polyester resin 
in a monomer which is capable of undergoing a 
crosslinKing reaction with the resin and including a 
5 mineral clay mixture which has been treated with an alKyl 
^ternary ammonium compound, said mixture comprising: 
mineral clay (a) comprising greater than 50 wt.%, 
based on the weight of the mineral clay mixture, of a 
mineral clay selected from the group consisting of 
sepiolite, palygorskite and mixtures of sepiolite and 

W comprising less than 50 wt. % , based 
on the weight of the mineral clay mixture, of a smectite. 

11 The polyester composition of claim 10 wherein 
the mineral clay mixture is present in an amount such 
that L polyester composition will have a thixotropic 
index of at least about 1.5. 
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12 • The polyester composition of claim 11 wherein 
the mineral clay mixture is present in an amount such 
that the polyester composition will have a thixotropic 
index of at least about 3.0. 

13. The polyester composition of claim 10 wherein 
mineral clay (a) is present in an amount of 60 to 95 
wt.%, based on the weight of the mineral clay mixture. 

14. The polyester composition of claim 13 wherein 
mineral clay (a) is present in an amount of 70 to 90 
wt.%, based on the weight of the mineral clay mixture. 

15. The polyester composition of claim 10 wherein 
the smectite is selected from the group consisting of 
hectorite, montmorillonite, bentonite, beidelite, 
saponite, Stevens ite and mixtures thereof. 

16. The polyester composition of claim 15 wherein 
the smectite comprises hectorite. 

17. The polyester composition of claim 10 wherein 
the alkyl quaternary ammonium salt contains the same or 
different straight- and/or branched-chain saturated 
and/or unsaturated alkyl groups of 1 to 22 carbon atoms 

5 and the salt moiety is selected from the group consisting 
of chloride, bromide, methylsulf ate, nitrate, hydroxide, 
acetate, phosphate and mixtures thereof. 

18. The polyester composition of claim 17 wherein 
the alkyl quaternary ammonium salt is selected from the 
group consisting of dimethyl di (hydrogenated tallow) 
ammonium chloride, raethylbenzyl di (hydrogenated tallow) 

5 ammonium chloride, dimethylbenzyl hydrogenated tallow 
ammonium chloride, dimethyl hydrogenated tallow-2- 
ethylhexylammonium methylsulf ate and mixtures thereof. 
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the mineral clay mixture. 

mineral clay mixture. 

21 . The polyester composition of claim 10 wherein 
the monomer comprises styrene. 


INTERNATIONAL SEARCH REPORT 


International application 
PCT/US9f/lT709 


^ "classification of subject matter 

!PC(6) :C08K 3/34; C08L 67/00 

r FIELDS SEARCHED clMli Gca tion .ymboU) 

Minium doct-n-uuion ae«ched (cU-ificuon .y«em foUowed by cla^Gcat* ymoo 

U.S. : 523/521:524/445.448 


Documentation learched oiher Dun minimum 
NONE 


denervation to the extent that .uch document, ire 


included in the fields ie»rched 


Electronic data bue 
NONE 


^nwhed during the international .~rch (name of data ba« . 


C ^.nuvv TS CONSIDERED TO BE RELEVAW^ 

0^ of document, wuh indiotion, where approp riate, of » . pa^c. 

US 3.974,125 A (OSWALD ET AL.) 10 August 1976, see 
entire document. 

US 4.081.496 A (FINLAYSON) 28 March 1978. see entire 
document. 

US 4.3U.919 A (WASHABAUGH 6T AL.) 09 February 
1982, see entire document. 


Relevant to claim No. 

1-21 
1-21 
1-21 



| D»te of the actual completion of the international tearch 
03 FEBRUARY 1997 

Ba*PCT 

Wa*it«ua, D.C 20231 

1-^^ f»B> 303-3230 
Form PCI7ISA/210 (aecood iheetMJuly 1992)* 


Date of mailing of the uiternaiional aearch report 

2 5 FEB 1997 


Authorized officer 

U. K. RAJ GURU 
Telephone No. _ 


